Abstract. -The structure of amorphous Gd-Co alloy films has been investigated by electron diffraction. The films were prepared by bias sputtering on liquid nitrogen-cooled NaCl substrates. The films were in the 400-800 A thickness range. Magnetic domains were observed by Lorentz microscopy. Hysteresis loops were measured by Faraday magneto-optic effect with the applied field perpendicular to the film surface. Elastically scattered electron intensity and reduced radial distribution functions are significantly different for the perpendicular anisotropic and in-plan anisotropic films. It can also be deduced from these experimental results that the perpendicular anisotropy is associated with a predominance of Gd-Co atom pairs.
1. Introduction. -Amorphous Gd-Co films prepared by bias sputtering frequently have uniaxial magnetic anisotropy perpendicular to the film plane. The origin of this positive K u has been one of the important problems in the field of amorphous magnetism. Various mechanisms have been proposed about the origin of the positive K v [1] [2] [3] , so the relation between the macro-anisotropy and the structure of the amorphous GdCo-based films has been studied. Cargill [4] and Wagner [5] have used X-ray scattering to investigate possible atomic scale structural anisotropy (pair ording) in ~ 20 um thick bias-sputtered GdCo films. Because of experimental uncertainties, no convincing evidence concerning the origin of such an anisotropy was obtained. Graczyk [6] observed anisotropic phase separation in very thin (500-1000 A) bias-sputtered, magnetically anisotropic GdCo-based films by small-angle scattering, and explained the origin of positive K u on the basis of anisotropic phase separation. On the other hand, Hoffman's experiments [7] show that a columnar structure in uniaxial amorphous Gd-Co films may exist, however, the anisotropy does not necessarily depend on the columnar structure. Cargill's [8] . X-ray measurements on 1 um and 20 um thick bias-sputtered films indicated isotropic small-angle scattering, but no anisotropy in the microstructure. Therefore, Cargill concluded that atomic-scale structure anisotropy is responsible for the magnetic anisotropy in these films. In this paper, we report studies made on the structure and magnetic anisotropy of three types of 
/I
IK oe ~a~l substrates [9] . The thickness of these films ranged from 400-800A. The films were floated free of their substrates in water and collected on copper grids for examination. The hysteresis loops of these films were measured by Faraday magneto-optic effect with the field perpendicular to the film surface. Electron diffraction was made with a Philips EM-400 electron micro-
/'
scope. We used 120 kV TEM to study the structure of the films and to observe the magnetic domains. The composition of the films was obtained by X-ray xi I part the data 
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Films C, D and E were of in-plane anisotropy, e.g., K,, = -7.5 x lo4 erg/cm3, for film C from magneto-optic and torque measurements. In these films, domains of in-plane magnetization were observed (figure 2). Film F contains a mixture of domains of two types, for which K, 2 2 n~: and K,, < 0 respectively. Both magnetic bubbles and domains of in-plane magnetization were observed (figure 2). The electron diffraction pattern consists of a few broad rings for all three types of films, but the intensity and position of corresponding peaks are somewhat different. These patterns for films A, C, E and F are reproduced in figure 3 . Figure 4 shows the scattered intensity Z(S) versus scattering vector S curves. It can be seen that the first peaks of the three film types are quite similar, but the second peaks are different. The shift in position of the second peaks of films A and F towards small S-values is clearly visible, these films being wholly and partly of perpendicular anisotropy respectively.
The reduced radial distribution functions of the three film types are shown in figure 5 . It can be seen that the first peak of all G(r)'s is split into three peaks at r , = 2.4-2.5 A, r, = 2.9-3.0 A, r, = 3.4-3.55 A. These distances correspond to the nearest . It can be seen in figure 7 that the Gd-Co peak for film A is higher than that for film D while the Co-Co and Gd-Gd peaks of both films show no difference. It is not clear, however, why there is a shift in position between the two curves. It may also be noted in figure 5 that the Co-Co peak for films C. D and E (of in-plane anisotropy), which are of different compositions, is considerably higher than the corresponding Gd-Co and Gd-Gd peaks, while for films A and B (of perpendicular anisotropy) the Gd-Co peak seems to be dominant. On the basis of these evidences, we consider that the perpendicular anisotropy is connected with a predominance of Gd-Co atom pairs. This conclusion 
